Revised data are provided for transition probabilities between fine-structure components of levels with n ≤ 6 in FeXXV. Earlier published data for transitions between fine-structure levels in FeXXV is found to in error, especially for certain classes of transitions. The purpose of the present note is to provide a corrected database for transitions in Fe XXV. Wave functions and energies for states with n ≤ 6 and J = 0 · · · 3 are determined using a relativistic configuration interaction (CI) expansion that includes the Breit interaction. To measure and control the numerical accuracy of the calculations, we compare our CI energies and matrix elements with values calculated using relativistic second-order many-body perturbation theory (MBPT), also including the Breit interaction. We obtain good agreement between our CI and MBPT calculations but disagree with earlier calculations for transitions with ∆L = 2 and for intercombination transitions (∆S = 1). We provide wavelengths, line strengths and transitions rates for fine-structure transitions between levels with n ≤ 6 in FeXXV.
INTRODUCTION
Precise values of transition energies and rates in Fe XXV are important for understanding the spectra of galaxies [1, 2] , the solar corona [3] , Tokamak devices [4] , and laboratory plasmas. The most complete and detailed tabulation of transition energies and rates for both Fe XXIV and Fe XXV is contained in the report "Atomic Data from the Iron Project XXXV" by Nahar and Pradhan in Ref. [5] where all dipole transitions in FeXXV up to n = 10 and l = 5 or 6 are considered. The estimated accuracy of rates in that work was between 1 and 10%.
Recently, we had occasion to revaluate rates for some of the transitions given in the Iron Project database using the relativistic CI method described by Plante et al. in Ref. [6] and used by Johnson et al. in Ref. [7] and Savukov et al. in Ref. [8] to evaluate transition rates in lighter ions of the helium isoelectronic sequence. For allowed singlet-singlet and triplet-triplet transitions, we found agreement with the Iron Project values within the above mentioned accuracy estimate. However, for transitions with ∆L = 2 and for certain intercombination transitions (∆S = 1), we disagreed with the Iron Project rates by orders of magnitude in many cases.
In order to check the accuracy of our calculations, we undertook a control calculation using the relativistic second-order MBPT method described by Safronova et al. in Ref. [9] . We found good agreement between the CI and MBPT results for all transitions considered and confirmed the discrepancies with the Iron Project database described above.
As a remedy, we present below a revised, but somewhat more limited, tabulation of wavelengths and transition rates for fine-structure transitions in Fe XXV,
METHOD
Both CI and MBPT calculations start from the relativistic "no-pair" Hamiltonian derived from QED by Brown and D. G. Ravenhall in Ref. [10] to resolve difficulties with the Breit interaction in helium and extended to many-electron atoms by Mittleman in Refs. [11, 12, 13] and Sucher in
Ref. [14] . It should be emphasized that the electron-electron interaction is the sum of the Coulomb and Breit interactions. Contributions from negative-energy states are projected out of the no-pair
Hamiltonian.
The single-particle orbitals used to construct two-particle wave functions are solutions to the Dirac equation in the nuclear Coulomb field. As an aid to evaluating CI and MBPT expressions, we approximate the real spectrum by a discrete pseudospectrum constructed from a finite basis set, thereby reducing the infinite sums and integrals to finite sums. Here, we use a basis set for the Dirac equation constructed from B-splines constrained to a cavity [15] . The single-particle basis set consists of 40 basis functions for each angular momentum state.
CI calculation
Details of the method used to carry out the CI calculation in this work have been published earlier [7] and are summarized below.
1. The two-electron wave function Ψ JM is expanded into a linear combination of antisymmetric two-particle configuration state wave functions that are coupled to give angular momentum J, M and parity π.
2. The eigenvalue problem that arises on seeking an extreme value for the expectation value of the no-pair Hamiltonian subject to the normalization constraint is solved to obtain twoparticle energies and expansion coefficients for states of given angular momentum and parity. The expression used to evaluate the spontaneous decay rate is
where
is the line-strength of the transition (atomic units) and λ is the transition wavelength (Å).
MBPT calculation
The evaluation of matrix elements to second-order in relativistic MBPT for atoms with two valence electrons was described in detail by Safronova et al. in Ref. [9] . Here we will just give an outline of the theory.
1. The lowest-order wave function Ψ 0 (JM ) is again a linear combination of configuration state functions coupled to angular momentum J, M and parity π; however, the expansion coefficients are restricted to lie within a minimal complex: for example, to describe a 4 3 P 2 state this minimal complex would consist of the two configurations (1s 1/2 4p 3/2 ) and (1s 1/2 4f 5/2 ) each coupled to J = 4. Expansion coefficients are obtained from the resulting 2 × 2 CI equation. One obtains two eigenenergies and two sets of orthogonal expansion coefficients; one corresponding to 4 3 P 2 and the other to 4 3 F 2 . These lowest-order CI wave functions are used as described in Sec. to obtain first-order matrix elements of the retarded dipole matrix
2. Many-body perturbation theory is used to determine the first-order wave function Ψ 1 (JM ).
3. The second-order correction to the retarded dipole matrix element is obtained using first-order wave functions for the initial and final states:
. A "derivative" correction is included to account for first-order corrections to the energies of the initial and final states and, therefore, to the transition energies ω.
5. Both negative and positive energy basis functions are included in the MBPT sum over states to insure agreement between length-form and velocity-form matrix elements. Our length and velocity form matrix elements agree to all calculated digits.
COMPARISON
As mentioned earlier, the MBPT results for transition rates are in very good agreement with our CI results for the singlet-singlet and triplet-triplet transitions (0 -2%) (see Table I ). Larger disagreements are found for singlet-triplet transitions (4 -11%) and for transitions with ∆L = 2 (the difference in rates for the 2 3 S 1 − 4 3 F 2 transition is 21% Relativity, primarily the spin-orbit interaction, is responsible for non-vanishing rates of intercombination (∆S = 1) transitions. Therefore, to obtain accurate rates for such transitions, relativity must be treated carefully and completely. As mentioned above, we find differences between our CI and MBPT rates of about 4 -11 %; by contrast, differences in rates between our CI calculations and the Iron Project range up to a factor of 10 (see Table I ). The accuracy of the second-order MBPT rates for intercombination transitions in Be-like ions was discussed by [9] .
It was shown that the accuracy improves with increasing nuclear charge and that the difference between the MBPT result and the compilation of precise experimental data by Curtis et al. in
Ref. [16] for the 2s 2 1 S 0 − 2s3p 3 P 1 transitions in (berylliumlike) FeXXIII is about 4%.
The origin of the large differences between the present CI and MBPT calculations and the Iron
Project values is not clear but is presumably related to the difference in treating relativistic or retardation effects, or both. In both CI and MBPT calculations relativity is included at every stage: a relativistic basis set is used, the Breit interaction is fully incorporated in the many-body
Hamiltonian, and retardation corrections are included in the matrix elements.
TABULATIONS
We evaluate CI wave functions for
states with n ≤ 6. Since our CI wave functions are characterized by J and parity, our CI datasets also automatically include n 3 F 2 states with n = 4 and 5, as well as the 5 3 G 3 state. For each angular momentum J and parity, we set up and solve the CI eigenvalue problem. We include all two-particle configurations that can be made up from ns 1/2 , np 1/2 , · · ·, g 9/2 single-particle orbitals with n ≤ 25.
The number of configurations ranges from 2925 for even-parity states with J = 0 to 9525 for even parity states with J = 3. from Transition wavelengths, line strengths and spontaneous decay rates between the above states are given in two columns of Table II . In the first, second, seventh, and eighth columns, we give the principle quantum number 1snl configuration and the angular momenta LSJ: n 1,3 L J and n 1,3 L J for lower and upper states, respectively.
EXPLANATION OF TABLES
The rows contain the wavelengths inÅ and transition rates in s −1 for FeXXV.
The following notation is used:
=a +b , and a[00]=a to represent powers of ten. 
